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AMENDMENTS TO THE CLAIMS 

1 . (Currently Amended) A material comprising: 

a plurality of structural components bonded tooether at interfaces , each 
structural component having a characteristic length, said components configured 
in a fior i os of incr e asing s tructw al oluralitv of structural component size classes, 
wherein each structural component belonging to an exemplary size class has a 
characteristic length that is within 25% of a mean characteristic length calculated 
for all structural components of the exemplary size class, and whe rein each size 
class has a unique mean characteristic length: 

wherein a said oorioc having a base unit size class has the smallest mean 
characteristic length of all structural component size classes, - a nd at l east on e 
modu l ar cizo olass, wh e rein a componont of sa i d at least one modu l ar s ize c l a ss 
compri se s a plura li ty of components of tho next small e r oizo place in caid corioc; 
and 

wherein said structural components of said base unit size class comprise at least 
one bulk phase; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and wherein a structural component of an ex emplary 
modular size class comprises 

(i) a plurality of structural components of the base unit siz e class, and 

fii) a Plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class: 

wh e r e in sa i d structural components ar e bond e€M ogcthor at int e rfac es ; and 



PAGE 2/17 * RCVD AT 8(9/2005 8:34:29 AM [Eastern Daylight Time] * SVR: USPTO-EFXRF-6/24 * DNIS:2738300 * CSID:5183877751 * DURATION (mm-ss):04-58 



AUG 09 2005 08:47 FR GE CORPORATE R-D 



5183877751 TO 815712738300 P. 03 



wherein interfaces bonding together structural components of an e xemplary 
modular size class require more energy to propagate mechanical damage than 
interfaces bonding together originating w i thin a modu l ar c izo c l ass structura l 
compon e nt i s ono r got i cally favor e d to prop a gat e ta - a - diotributod fash i on among 
sa i d plurality of structural components contained within said modu l ar sizo class 
structural compon e n t structural components of said exemplary modular size 
class . 

2. (Currently Amended) The material of claim 1 r wherein a toughness of sa i d 
interfaces bonding together structural components of an exemplary modular size 
class have a toughness that structura l compon e nt s I hjs greater than a 
toughness of said-interfaces bonding together caid plurality of structural 
components contained within s aid modul ari ze class the structural components 
of said exemplary modular size class , and fii) is less than 

and wh e re i n sa i d toughn e s s of s a i d i ntcrfaooo bonding sa i d modular s izo cla ss 
s tructural oompon o nt s togothor is l oss than a toughness of said at least one bulk 
phase. 

3. (Original) The material of claim 1 , wherein said interfaces are selected 
from the group consisting of mechanically interlocked interfaces, chemically 
bonded interfaces, and combinations thereof. 

4. (Original) The material of claim 3, wherein said interfaces bond said 
structural components in more than one dimension. 

5. (Original) The material of claim 4, wherein said interfaces bond said 
structural components in three dimensions. 

6. (Original) The material of claim 3, wherein said interfaces comprise 
chemically bonded interfaces, and wherein said interfaces comprise at least one 
interfacial phase. 
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7. (Currently Amended) The material of claim 6, wherein structural 
components belonging to a first size class are bonded together bv first 
interfaces, wherein structural components belonging to a second size class are 
bonded together bv second s ate-interface s. and wherein said first interfaces 
bonding structura l compon e nt s of a f i r s t s iz e cla ss comprise a different material 
than said second interfaces bonding structura l compon e nts of a coGond eizo 

8. (Currently Amended) The material of claim 7, wherein structural 
components of e ach -like s ize class ol - structural oompononto in sa i d se ri es i sare 
bonded together by interfaces comprising a material unique to interfaces bonding 
structural components of said like size class. said intorfacos bonding said s i ze 

v"C*vv» 

9. (Original) The material of claim 6, wherein said interfacial phase 
comprises a material selected from the group consisting of a ceramic, a glass- 
ceramic, carbon, and mixtures thereof. 

1 0. (Currently Amended) The material of claim 9, wherein said interfacial 
phase comprises at least one of hexagonal boron nitride, lanthanum phosphate, 
aluminum oxide (alumina), titanium silicon carbide (Ti3SiC2), silica, zirconia, and 
mixtures and oompoundo of any of the foregoing materials, 

1 1 . (Original) The material of claim 3, wherein said chemically bonded 
interfaces comprise sintered material. 

12. (Original) The material of claim 1 , wherein said at least one bulk phase 
comprises at least one of a ceramic, an organic material, and a metal. 

13. (Original) The material of claim 12, wherein said ceramic comprises at 
least one of a nitride, an oxide, a carbide, a silicide, a silicate, and mixtures 
thereof. 
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14. (Original) The material of claim 13, wherein said ceramic comprises silicon 
carbide, titanium carbide, zirconium carbide, hafnium carbide, molybdenum 
carbide, tantalum carbide, silicon nitride, silicon aluminum oxynitride, aluminum 
nitride, titanium nitride, titanium diboride, molybdenum disilicide, aluminum oxide, 
and aluminum silicate. 

1 5. (Original) The material of claim 1 , wherein substantially all of said 
structural components have a substantially similar shape. 

1 6. (Original) The material of claim 15, wherein said shape is characterized by 
a cross sectional geometry, and wherein said geometry is one of rectangular and 
circular. 

1 7. (Original) The material of claim 1 , wherein said interfaces of said 
structural components comprise material having a predetermined porosity level 

18. (Original) The material of claim 17, wherein said porosity level varies as a 
function of said component size class. 

1 9. (Currently Amended) A material comprising: 

a plurality of structural component s bonded together at interfaces , each 
structural component having a characteristic length, said components configured 
in a se r ies c4 i Rereas i n g pluralitv of structural component size classes, wherein 
each structural component belonging to an exemplary size class has a 
characteristic length that is within 25% of a mean characteristic le ngth calculated 
for all structural components of the exemplary size class, and whe rein each size 
class has a unigue mean characteristic length: wherein a sa i d scri e s having -a 
base unit size class has the smallest mean characteristic length of all structural 
component size classes, and at loast ono modular s i z e class, whoroin a 
componon* of sa i d at le a s t one modu l ar sizo class compris es a p l ura l ity of 
sewpeft onts of the next sma l l e r ciz o c l ass >i >sa 4 d ser i es; 
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wherein said structural components of said base unit size class comprise at least 
one bulk phase comprising at least one of a nitride, an oxide, a carbide, a 
silicide, a silicate, and mixtures thereof; 

wherein said s tructura l compon e nt s ar e bond e d tog e th e r a t interfaces are 
chemically bonded interfaces comprising at least one interfacial phase, said 
interfacial phase comprising a ceramic, a glass-ceramic, carbon, and mixtures 
thereof; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and 

wherein a structural component of an exemplary modular size class comprises 

(j) a plurality of structural components of the base unit size class, and 

(ii) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

wherein interfaces bonding together structural compone nts of an exemplary 
modular size class have a toughness that fl) is greater than a toughness of 
interfaces bonding together structural components contained within the structural 
components of said exemplary modular size class, and fii) is less than a 
toughness of said at least one bulk phase. a toughnes s of said int e rfacoc bonding 
modu l ar s iz e cla ss structura l components of a first s i z e c l a ss togothor is gr e at e r 
than a toughness of sa i d interfaces bonding togeth e r sa id plura l ity of ctruoturat 
o e mpononts contained w i th i n said s tructural components of said firct sizo class, 

and wher e in said toughn e s s of s a i d int e rf a oos bond i ng modular siz e c l a ss 
s tructural components of said first - s i ze cla s s tog e th e r is l ess than a toughness of 
s aid at l e a s t on e bulk pha se. 

20. (Currently Amended) An article comprising: 
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a material comprising a plurality of structural component s bonded together at 
interfaces, each structural component having a characteristic length , said 
components configured in a plurality of s e ri e s of incr e asing structural component 
size classes, wherein each structural component belonging to an exemplary size 
class has a characteristic length that is within 25% of a mean characteristic 
length calculated for all structural components of the exemplary size class, and 
wherein each size class has a unioue mean characteristic length; 

wherein a 6 aid se r ies hav i ng a base unit size class has the smallest mean 
characteristic length of all structural component size classes. and at l e ast on e 
modu l ar s i ze glass, wherein a component of s a i d at l east one modu l ar siz e c l ass 
comprises a p l ura l ity of compononts of Iho noxt smal l or sizo class in said sorios; 

wh e r e in and wherein said structural components of said base unit size class 
comprise at least one bulk phase; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and wherein a structural component of an exemplary 
modular size class comprises 

(iiO a plurality of structural components of the base unit size class, and 

(iv) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class: 

said ctruotural oompononto aro bonded togothor at intorlooking interfac e s ; and 

wherein interfaces bonding together structural components of an exemplary 
modular size class require more energy to propagate mechanical damage than 
interfaces bonding together or i ginating with i n a modular siz e c l ass structura l 
compon e nt is e n e rg e t i ca l ly favored to propagat e i n a d i stribut e d fa s h i on among 
said plural i ty of structural components contained within structural components of 
said exemplary modular size class said modular 6izo class s tructural compon e nt . 
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21 . (Currently Amended) The article of claim 20, wherein a toughnosG of sa i d 
interfaces bonding together structural components of an exemplary modular size 
class have a toughness that structura l compon e nts of a f i r s t siz e cla ss tog e th e r 
(i) is greater than a toughness of said-interfaces bonding together said plurality of 
structural components contained within said-thestructural components of said 
tifs tsaid exemplary modular size class, and (u) is less than 

and wh e r ei n said toughn es s of s aid i nt e rfac es bond i ng modu l ar s i z e cla s s 
structura l compon e nt s of - said "f irst c i zo c lass tog o th or i s lose than a toughness of 
said at least one bulk phase. 

22. (Original) The article of claim 21, wherein said interfaces comprise 
chemically bonded interfaces, and wherein said interfaces comprise at least one 
interfacial phase. 

23. (Original) The article of claim 22, wherein said interfacial phase comprises 
a material selected from the group consisting of a ceramic, a glass-ceramic, 
carbon, and mixtures thereof. 

24. (Currently Amended) The article of claim 20, wherein said at least one 
bulk phase comprises at least one of a nitride, an oxide, a carbide, a silicide, a 
silicate, and mixtures and compounds t hereof. 

25. (Original) The article of claim 20, wherein said article comprises a 
component of a gas turbine assembly. 

26. (Currently Amended) An article comprising: 
a material comprising 

a plurality of structural component s bonded together at interfaces, each 
structural component having a characteristic length , said components configured 
in a plurality of s o r ie s of i ncreas i ng structural component size classes, wherein 
each structural component belonging to an exemplary size class has a 
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characteristic length that is within 25% of a mean characteristic length calculated 
for all structural components of the exemplary size class, and wherein each size 
class has a unique mean characteristic length; 

said sor ies-havitt gwherein a base unit size class has the smallest mean 
characteristic length of all structural component size classe$, and at loast ono 
modular s iz e class, wher e in a component o f s ai d a t le a s t ono modular siz e class 
compri se s a plurality of components of thonoxt - s m a lt o e-si g e c l a s s i n said 
sor i oo - ' and 

.wherein said structural components of said base unit size class comprise at 
least one bulk phase comprising at least one of a nitride, an oxide, a carbide, a 
silicide, a silicate, and mixtures and compounds thereof; 

wherein said structural compon e nt s ar e bond e d tog e th e r a t interfaces are 
chemically bonded interfaces comprising at least one interfacial phase, said 
interfacial phase comprising a ceramic, a glass-ceramic, carbon, and mixtures 
thereof; 

wherein -any structural component size class that is not said base unit size class 
is a modular size class, and 

wherein a structural component of an exemplary modular size class comprises 

(i) a plurality of structural components of the base unit size class, and 

(ii) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

wherein interfaces bonding together structural components of an exemplary 
modular size class have a toughness that (i) is greater than a toughness of 
interfaces bonding together structural components contained within the structural 
components of said exemplary modular size class, and (ii) is less than a 



PAGE 9(17 * RCVD AT 8/9/2005 8:34:29 AM [Eastern Daylight Time] * SVR: USPTO-EFXRF-6/24 * DNI$:27383Q0 * CSID:51 83877751 * DURATION (mm-ss):04-68 



PUG 09 2005*08:49 FR GE CORPORATE R-D 5183877751 TO 815712738300 P. 10 



toughness of said at least one bufk phase. a touqhn occ of oaid i ntorfaco o bonding 
modu l ar sizo G lass s tructural oompononts of a firct siz e class togothor is groator 
than a toughness of -s aid int e rfac e s bonding togeth e r s a i d p l ura li ty of structura l 
compone nts containod within oaid otructura l oomponor>to - of said firct siz e c l ass, 

and who rei n s a i d toughness of said intorfac e s bonding modular s i zo c l ass 
structura l compo n ents of said first oizo olaos tog e th e r is less than - a toughnoss of 
said at least one bu lk- pha se. 
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AMENDMENTS TO THE CLAIMS fCLEAN COPY) 

1 , (Currently Amended) A material comprising: 

a plurality of structural components bonded together at interfaces, each 
structural component having a characteristic length, said components configured 
in a plurality of structural component size classes, wherein each structural 
component belonging to an exemplary size class has a characteristic length that 
is within 25% of a mean characteristic length calculated for all structural 
components of the exemplary size class, and wherein each size class has a 
unique mean characteristic length; 

wherein a base unit size class has the smallest mean characteristic length of all 
structural component size classes, and 

wherein said structural components of said base unit size class comprise at least 
one bulk phase; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and wherein a structural component of an exemplary 
modular size class comprises 

(i) a plurality of structural components of the base unit size class, and 

(ii) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

and 

wherein interfaces bonding together structural components of an exemplary 
modular size class require more energy to propagate mechanical damage than 
interfaces bonding together structural components contained within structural 
components of said exemplary modular size class. 
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2. (Currently Amended) The material of claim 1, wherein interfaces bonding 
together structural components of an exemplary modular size class have a 
toughness that (i) is greater than a toughness of interfaces bonding together 
structural components contained within the structural components of said 
exemplary modular size class, and (ii) is less than a toughness of said at least 
one bulk phase. 

3. (Original) The material of claim 1 , wherein said interfaces are selected 
from the group consisting of mechanically interlocked interfaces, chemically 
bonded interfaces, and combinations thereof. 

4. (Original) The material of claim 3, wherein said interfaces bond said 
structural components in more than one dimension. 

5. (Original) The material of claim 4, wherein said interfaces bond said 
structural components in three dimensions. 

6. (Original) The material of claim 3, wherein said interfaces comprise 
chemically bonded interfaces, and wherein said interfaces comprise at least one 
interfacial phase. 

7. (Currently Amended) The material of claim 6, wherein structural 
components belonging to a first size class are bonded together by first 
interfaces, wherein structural components belonging to a second size class are 
bonded together by second interfaces, and wherein said first interfaces comprise 
a different material than said second interfaces, 

8. (Currently Amended) The material of claim 7, wherein structural 
components of like size class are bonded together by interfaces comprising a 
material unique to interfaces bonding structural components of said like size 
class.. 
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9. (Original) The material of claim 6, wherein said interfacial phase 
comprises a material selected from the group consisting of a ceramic, a glass- 
ceramic, carbon, and mixtures thereof. 

10. (Currently Amended) The material of claim 9, wherein said interfacial 
phase comprises at least one of hexagonal boron nitride, lanthanum phosphate, 
aluminum oxide (alumina), titanium silicon carbide (Tt3SiC2), silica, zirconia, and 
mixtures of any of the foregoing materials. 

1 1 . (Original) The material of claim 3, wherein said chemically bonded 
interfaces comprise sintered material, 

1 2. (Original) The material of claim 1 , wherein said at least one bulk phase 
comprises at least one of a ceramic, an organic material, and a metal. 

13. (Original) The material of claim 12, wherein said ceramic comprises at 
least one of a nitride, an oxide, a carbide, a silicide, a silicate, and mixtures 
thereof. 

14. (Original) The material of claim 13, wherein said ceramic comprises silicon 
carbide, titanium carbide, zirconium carbide, hafnium carbide, molybdenum 
carbide, tantalum carbide, silicon nitride, silicon aluminum oxynitride, aluminum 
nitride, titanium nitride, titanium diboride, molybdenum disiiicide, aluminum oxide, 
and aluminum silicate. 

15. (Original) The material of claim 1 , wherein substantially all of said 
structural components have a substantially similar shape. 

16. (Original) The material of claim 15, wherein said shape is characterized by 
a cross sectional geometry, and wherein said geometry is one of rectangular and 
circular. 

17. (Original) The material of claim 1 , wherein said interfaces of said 
structural components comprise material having a predetermined porosity level. 
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18. (Original) The material of claim 17, wherein said porosity level varies as a 
function of said component size class. 

1 9. (Currently Amended) A material comprising: 

a plurality of structural components bonded together at interfaces, each 
structural component having a characteristic length, said components configured 
in a plurality of structural component size classes, wherein each structural 
component belonging to an exemplary size class has a characteristic length that 
is within 25% of a mean characteristic length calculated for all structural 
components of the exemplary size class, and wherein each size class has a 
unique mean characteristic length; wherein a base unit size class has the 
smallest mean characteristic length of all structural component size classes, and 
wherein said structural components of said base unit size class comprise at least 
one bulk phase comprising at least one of a nitride, an oxide, a carbide, a 
silicide, a silicate, and mixtures thereof; 

wherein said interfaces are chemically bonded interfaces comprising at least one 
interfacial phase, said interfacial phase comprising a ceramic, a glass-ceramic, 
carbon, and mixtures thereof; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and 

wherein a structural component of an exemplary modular size class comprises 

(i) a plurality of structural components of the base unit size class, and 

(ii) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

wherein interfaces bonding together structural components of an exemplary 
modular size class have a toughness that (i) is greater than a toughness of 



PAGE 14/17 * RCVD AT 8/9/2005 8:34:29 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-6/24 1 DNIS:2738300 * CSID:5183877751 1 DURATION (mm-ss):04-58 



fiUG 09 2005*08:50 FR GE CORPORATE R-D 



5183877751 TO 815712738300 P. 15 



interfaces bonding together structural components contained within the structural 
components of said exemplary modular size class, and (ii) is less than a 
toughness of said at least one bulk phase.. 

20. (Currently Amended) An article comprising: 

a material comprising a plurality of structural components bonded together at 
interfaces, each structural component having a characteristic length, said 
components configured in a plurality of structural component size classes, 
wherein each structural component belonging to an exemplary size class has a 
characteristic length that is within 25% of a mean characteristic length calculated 
for all structural components of the exemplary size class, and wherein each size 
class has a unique mean characteristic length; 

wherein a base unit size class has the smallest mean characteristic length of all 
structural component size classes, and wherein said structural components of 
said base unit size class comprise at least one bulk phase; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and wherein a structural component of an exemplary 
modular size class comprises 

(iii) a plurality of structural components of the base unit size class, and 

(iv) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

; and 

wherein interfaces bonding together structural components of an exemplary 
modular size class require more energy to propagate mechanical damage than 
interfaces bonding together structural components contained within structural 
components of said exemplary modular size class. 
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21 . (Currently Amended) The article of claim 20, wherein interfaces bonding 
together structural components of an exemplary modular size class have a 
toughness that (i) is greater than a toughness of interfaces bonding together 
structural components contained within thestructural components of said 
exemplary modular size class, and (ii) is less than a toughness of said at least 
one bulk phase. 

22. (Original) The article of claim 21 , wherein said interfaces comprise 
chemically bonded interfaces, and wherein said interfaces comprise at least one 
interfacial phase. 

23. (Original) The article of claim 22, wherein said interfacial phase comprises 
a material selected from the group consisting of a ceramic, a glass-ceramic, 
carbon, and mixtures thereof, 

24. (Currently Amended) The article of claim 20, wherein said at least one 
bulk phase comprises at least one of a nitride, an oxide, a carbide, a silicide, a 
silicate, and mixtures thereof. 

25. (Original) The article of claim 20, wherein said article comprises a 
component of a gas turbine assembly. 

26. (Currently Amended) An article comprising: 
a material comprising 

a plurality of structural components bonded together at interfaces, each 
structural component having a characteristic length, said components configured 
in a plurality of structural component size classes, wherein each structural 
component belonging to an exemplary size class has a characteristic length that 
is within 25% of a mean characteristic length calculated for all structural 
components of the exemplary size class, and wherein each size class has a 
unique mean characteristic length; 
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wherein a base unit size class has the smallest mean characteristic length of all 
structural component size classes,and wherein said structural components of 
said base unit size class comprise at least one bulk phase comprising at least 
one of a nitride, an oxide, a carbide, a silicide, a silicate, and mixtures and 
compounds thereof; 

wherein said interfaces are chemically bonded interfaces comprising at least one 
interfacial phase, said interfaclal phase comprising a ceramic, a glass-ceramic, 
carbon, and mixtures thereof; 

wherein any structural component size class that is not said base unit size class 
is a modular size class, and 

wherein a structural component of an exemplary modular size class comprises 

(i) a plurality of structural components of the base unit size class, and 

(ii) a plurality of structural components of modular size classes having 
mean characteristic lengths less than that of the exemplary 
modular size class; 

wherein interfaces bonding together structural components of an exemplary 
modular size class have a toughness that (i) is greater than a toughness of 
interfaces bonding together structural components contained within the structural 
components of said exemplary modular size class, and (ii) is less than a 
toughness of said at least one bulk phase.. 
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